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AB3IRACT 

It la now poaalble tliroui^ uae of the data collection 
oycteme carried by satellltea such as Landsat and hOES to 
obtain near real tljne water resouroea data ftrxn any location 
In Canada. These data have been used fbr flow and Hood 
forecasting and to asslr.; In the conduct of hyd n osietrlc sur- 
veys. Preaent progranr. will be continued and, likely, ex- 
panded, depending on the availability of suitable satellite 
systesB. 


I 

1. IWT®CDUCnON 

Shortly after ERTS 1 (now Landsat i) vns lainched In 1972, the Water Resources Branch of 
Ehvlrcment Canada be^ lislng the data collection sys'.em carried by the satellite to retrar nit 
water resources data fhun remote Water Survey of Canada gauging stations to data uaers In varl >us 
parts of the country. Nine sites were orlglmlly Instrumented for satellite data collection, und 
on the basis of good success, additional equipment was purchased for Installation at 19 additional 
sites In 1975. The sites are shown In Figure 1. 

This paper discusses the satellite retranandsalon systems that are now available and gives 
exanples of operational uses of these systems In Canada. Plans for the near future are also dis- 
cuss^. 


2. SATniJTE RETRANSMISSION SYSTEMS 

Satellite retransmission systems consist of a Data Collection Platfonn (DCP) which tranianlts 
sensor data fbom a field site to a satellite, a transponder carried by a spacecraft, a receiving 
antenna and a groiaid data handling facility. The transmissions from a DCP may be controlled by an 
Internal clock or by Interrogation camiand IVcm a spacecraft. Some of the spacecraft that have 
data collection systems are discussed below. 

2.1. LANDSAT 

The polar orbiting landsat spacecraft carry a data collection system In addition to Imaging 
systems. This data collection system Is desl^ied to relay 6^1 bits of data from a DCP to a re- 
ceiving antenna whenever the satellite Is In mutual view of a receiving station and a trananvlttlng 
DCP. Canadian data are retransmitted during three to elf^t orbits each day depending on location. 
(Gnly landsat 2 Is used for censor data retransmission). Data can be retransmitted during the 
southbound passes each morning and northbound passes ^n th? evening. ^ 

Canadian data are received by National Aeronaut '.os and Space AAnlnlstretlon (NASA) ante; /as 
at Qoldstonc, California or Oreenbelt, Maryland then formated and transmitted by NASA land llrv a 
to a ground data handling centra at Oreenbelt, Maryland. The data arv sorted and sent to uset?s by 
mall In caqputer printout and punch card format. In addition the data are sent by a dedicated 
telephone line to the Canada Centra for Remcte Sensing (CCRR) at Ottawa after each orbit with a 
delay of less than an hour. 
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TTwme data are perlcxllcally (rnnnally once dally) entered Into tlie OCRS time nharlng coBfxJter 
nytitem. A uoriware data retrieval nyateir :torti! tlio mier platfbmo, refbniBtii the data Into enKlne- 
erinK uiltn and ntoren individual uiier fllen on dink. Canadian uneir may then acoenr. a data file 
uitlnp elUter u 110 or 300 k«ul ‘Teletype or llelex remote temlnal. 

An the data tninindtted over Iwvl linen are ncmetlmen de^'roded, the data received In punch card 
O^nn are trannlated Into ery^neerlnt' unltn hy coirputer and the renultc used to rake ccnparlsonn 
with data recorded at the xBU^hfr station. Prvvrami liave also l>een written to penerate acme 
Ktatlntlon cn data received. 

Hie Landaat DCT.~. connlnt of a mall electronic unit (about 0.01 volune, 5 kf; imon) and an 
antenna. Hie electronic units can (\»ictlon In jievere tenpemtureiJ o»nd hlph Innldltles. Data in- 
puts eorulst of elpjit, 8 l<lt wonlr. In analogue, ^lerlal dlf^ltal or parallel digital fom. 
models of DO‘n are convert. Itile to utie with tlie (XCS Hyi’.tem and have data mcnriHea up to 720 t>lts 
In length. 

?,2. aHOffPATiohAr: oferational wivmoNt^jrrAL sAiwj.m: (ones) 

Uhl Ike land^at wtilch In experimental, tlx* OOKS spacecraft was developed ar an ofieratlonal system 
and Is tlie USA's ctxitrlbut Itxn to a worldwide system of similar satellites. 'Hie OCRS sjacecraft 
perftinn iievarol tasks including i-enuor data rctraniimlsslnn. Hie spacecraft lo;s the aldllty to 
liandle ilata from l«th iself timed and Intcmv’Btable DCF's. Hie mesraj'p lengtli of a ODES DCP Is not 
restricted to 6U bits - meitrapjes up to 2000 bits In length can lie tmn.Tnltted. 

Hie OOEii system will consist of geostationary satellites at 75° and 135° West long4tude and an 
Iri-oitilt s.parc mid-way lietween tlie two operating satellites. 1 and 2 (the NASA prototypes 
of the OOES spacet?raft) weiv launctied on May 17, 197A arvl Pebnxiry 6, 1975 and are in operation at 
75° ami 115°. OUKS A will lie Inunclied In OctrXjer of 1975 nnd fX'iKr. H alout one year later. Similar 
satellites will le (perated by the Kurapenn Space Agency, tlie Soviet Unl<xi and Japon at 0°, 70^ 
and lAo'Ti respectively by 1978 tha' providing gloiiol covt'rage. 

Trj operator of the (JOES sy;rt.em Is tlie National &ivli^* mental Satellite Service (NESS), Natlcxial 
fx^anlc and Atmospheric Administration (NCAA), Unltetl States n.^pnrtmont of Cixmerce. All data 
fmm tlie satellites are received at Vfellops Fllglit Center, Virginia. Stme processing Is carried 
out tlx»i tlie (lata are s,ent by landllne to Suit land, Maryland for dlsjiemlnatlon to a'lers. Canadian 
data OTP sent to tlx? Atmosplx-rlc Rhvli'nnmerit Service of ftivlitjnment Canada at Tbronto, Cptarlo on 
a 2*100 liaud dedicated US Natlcxial Weatlier Service circuit. Prom TVipanto tlie data can be distri- 
buted by Tlelex to u;.ers. Printouts of retransmitted data are als-o mailed by NESS to the data luiera 

2.3. 0H(ER SA'rciXIHJS 

Tiros N, wlilch Is icheduled fur launch In 1978, will carry a data collection and localization 
system deslpxicd hy tlie Krencli Centro National d'Etules Sfintlaleii. Hils polar ortiltlng satellite 
Is, like 1 and SHT 2, a NASA prctotype of a futurr i^wrotlixial system. Hie Tlno:' N system will 

liandle up to 6000 platfbm; and, in addition to retran;mlttlng smwir data, will determine the 
loeatlexi of tlie DCP by oanputlrvi tlie fop|)ler shift of tlie Irviomlng message. Hils noature makes 
tl'ie system attractive for u;;e In tracking drifting buoys, meteorol'.iglcol lialloons, or Ice floes. 

Hip Canadian .lepartment of Ccxmunli'atlcxis Is now In tlie project deflnltltxi phase of a study for 
a geostatlrxuiry, low capacity, UHF comnunlcatlons satelllto tliat vnuld have a sensor data retrans- 
mission cajviblllty. Hie main punxwe of the .latelllte wi^ld l>e to provide cfxmunlcatlons services 
(voice, data, lYicslnille) In support of field ojierntlons In nrctliern Cnriad/i. It'a possible that 
tlie first :-.atolllte In such a system would l>e lauwlied In 1979. 


01 KRATIONAI. lliSS OP .‘yV'IRU.n’F; Rl-rmAU'iMlSriinN 


In Canada, tlv- data retransmitted by liuxls-at have lieen used by man; .igencles In preparatlcxi of 
flow forecai.ts, flood forec?i..ts aixl In ctxxluctlng hydi’ometrlc operations. 

3.1. MACKHJZIK hIVI<3< PliTW liORW-W 

Hip Miickeiii'Ie River (Klgirc 2) flows rKS’t.h, dralntry a 1.8 x 10^ km^ liortlon of western Canada 
an area nr. large as tliat of ('rYffjt, Britain, !9fincc, •V-M’nny, Spain, Portugal .and Italy combined. 
Hie 1600 Icn ivacli frriri (li'eat .Slave I/ike to Uie mouth of the rlv. r Is navigable during the slmrt 
ice-free ; ►•rl'd In the sunmer. Durlrij* this time ’lUiut *100 000 tonnes, of cariio fire .".hl|<ped by 
l«rgc from Itiy River to resupply 18 small sommailtlps. alon*T tlie watervn;/ .and to suriport oil and 
iTiS exploratlfxi .md development 
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Itw navli^ktlon chamol lu ao ohallow under luw wter oondltlono, barge loadings nust be 
ivduoed to 751 of capacity. Because of this, tlw Water Survey of Canada at Calgary makes predlo> 
tlons of NKkanale River flows and produces a water level bulletin that Is broadcast dally on 
narlne radio. Ihe bailee operators can '.hen adjust loadings ao that as much cargo as possible may 
Iw carried without danger of nsnlng affrxjnd. 


Uitll recent years, preparation of an accurate fbrecast was difficult as water level data weiv 
available only from a few locations on the main stem of tlie river. This Infonnatian was obtained 
by local observers and relayed to Calgary, In seme oases us ng uncertain radio telephone links. In 
addition very little Infonnatlon concerning tributary Inflow «s available on a dally basis. lyi* 
butary inflow accounts fbr at least 40X of the flow In the NaL'<ansle and this inflow can vary 
widely because of sternns that move south from the arctic coast along the ftockencle mowitalns to the 
west of the river. Preparation of the forecast is essentially a flow routing procedure and is 
described In Hollnstiead, 1974 and In Davies, 1975.. 

In 1972, two landsat DOT'S were Installed on the main streatn of the Mackerucle at critical polng 
thus ensuring that several 'lully readings of water level would be available for the forecast. Also 
In 17T..', tlie Beglna office. Water Survey of Canada, Installed a DOF on Lake Athabasca. Data frart 
this site are not used In the Mackenzie fbrecast but aro used by navigational and environme nt al 
Interests on lake Athabasca. ITie principle purpose of the data Is to monitor water levels In the 
Peace»At>abasca Delta. Pluctuatlcns In water level affect migratory birds, fish, and wildlife In 
the Delta thus affecting the lives of the native people In the area. Water levels are now partl41y 
controlled by weir on the Rlvllre des Rocheru - one of the principle water courses In the Delta. 


During 1975, fsur more DCPs were Installed on major tributaries of the Mackenzie so that 
tributary Inflow could be ristemlned more accurately on the basis of real time data. lU)!# I lists 
tiie presetit location of all the DCPs In the Mackenzie River basin. The sites are plotted In 
Figure ?, 


TABI£ 1. DATA COIXECTION PUTPOTC IN MACKENZIE RIVER BASIN 


Oaiiglng Station 

lake Athabasca at Crackln^tone Point 

fteckenzle River riear Wrlgley 

fteckenzle River at Sans Sault Rapids 

Mouitaln River below Cambrlari Creek 

Boot River near tJie Mouth 

Llanl River at Fbrt lianl 

South Noiannl River atove Virginia Phils 


Latitude 

Longitude 

59° 23| 

108° 53| 

63° 16, 

123° 36 

65° 46; 

128° 45 ; 

65° 14 ; 
62° 29, 

128° 34 , 
123 ° 26, 

60° 15, 

123 ° 29 , 

61° 38 

1250 48 


No rigorous benefit-cost study of the value of the forecast service has been conducted. Ho»»- 
ever the I3i 000 capital coat of DCPs and associated equipment plus the $50 000 annual operating 
coat of the forecast network seems minor In corparlnon to the multi-million dollar Investment In 
trani portatlon equipment and the value of the cargo shipped each year. The annual coat of cTiamel 
dred/^ng alone Is In the order of $1 000 000 a year. 


3.2. SAD/T JQIfl AND FRASER RIVER PDOOD PCRECAST 


The Saint John Rl’/er Is an International idver forming part of the toundary betweeri Dew 
Bmaiswlck In Canada ard Maine In the Uhl ted States, The 55 000 knr basin Is subject to heavy srxw- 
falls during the fc-rncer. Ihexvfbre, every spring the lower Saint John Valley could be subject to 
flooding If 3J.0W melt 1s rapid and If there la precipitation during the melt period. 

Hiree DCPs are Irvstalled In the basin - two on the St. John River In Maine are operated by the 
IJhlted States Anry Corps of £3nglneer« and one on the St. Francis River (Site 27, Figure 1) In New 
ttraiswlck by the Hallfhx office of the Water Survey of Canada. The atage-dlscharge relation for 
the St. Francis River site Is not subject to backwater effects from Ice therefbre the retransmitted 
water level data can be u.*%d to conpute accurate dlrcharges. These figures are then used as on 
Index of tributary inflow In a 3SARR {Sti'eamflow Synthesis and Reseiwlr Regulation) foivcaatlng 
model fbr tlie lower Saint Jolvi River. 


The St. Francis River data eire also used by the Uhlted States Qeo logical Suirvey, Water 
Resourxes Division to assist inflow conputat ions fbr the International Gauging Station on the 
St. John River at Port Kent, Maine, a typical rtation In their reporting netroilt and by the Ikilted 
States Anry Corps of OTglneen? for their water "wngement activities In the upper St. John basin 
In t lie state of Maine. 
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The Frailer River dralrui ?1S 000 lon^ In Hrltlnh OdIui*)!*, flnwinp Into the Iticlfle Ocean at 
Vancouver, Canada'n thlixl larye.'t city, like the St, .lo»m tmnln, Ur nntw aocirulatlrjn In the 
Pracer wuteri'Jwd In flumdant to caune itprlr^ noixllnr If laiOtvoral^le cllimtlc condltionc prevail 
during the nvlt period. Ote flood. In 19^8, cauiwxi 000 000 'laneu’e. 

1N(o DCPr are opemte-J nn trlhutarlec of the Pmi»r hy the Vancxjuver office of 0» Water Survey 
of Canadrt to piwlde an Index of tributary Inflow Into the river. f*ie tCl' i« In tlie fradwaters on 
the McOrepp.- River (Site 2, Figure 1) wtille tlie oUier In in the Irjwer canycn area rt) the Mahatlatch 
River (Site 1, Wgure 1). Preclpltatl'jn and air tenfjerature data are trarunltted frem U* 
Nahatlatch site an well aa water level data. Accenn to both of tltene rites In difficult and contly^ 
therefore, pKor to Inatallatlon of the DCTn, It was ncA. poanlble to nake a good entlnate of the 
tributary Inflow to U» pytLier, 

3.3. HYDKH-TmiC OPERATIONS 

In addltlcxi to tie water nBna^’Htimt uses of satellite retrantxnltted data, tlere are ways In 
which the data may te uned by ofwratora of Ijydroaetric data gatlerlng networttn. Incomlnr data can 
be examined to ensure tlat water level and ctlier rmnorn are operating 'onnally. Alno dlofiiontlc 
data such as battery voltages or recorder status can lie trarumltted. 7f malfunctions are noted, 
repair parts can be carried In on tl» next visit to the site. 

TYie data can also he uned in trip planning; visits to a site may be poot'oned If the Instre- 
mentatlon Is operaclng, normally and the water level Is such that no discharge meanuretnent Ir. 
necessaiv. Alteimatlvely, special tid^pn can be aclieduled If river curxlltlcjns warrant It, The 
i^ult of data retransmission, then, Is either deoi^ied operating costs or better quality data, 
or both. 

Another prcxnlslng application to hydrometrlc data collection In that of using a nCP equipped 
with a memory to store then transmit water level data tliua eliminating the need Ibr orvslte re- 
eorulng. of data. Memories having a 7?0 bit capacity have l>een used to pr^xluce dally water level 
riecord based on 96 observations a day. 


H. PLAIP PGR TW: HEAR wmmE 

The Water Sirrvey of Canada DCPs will ccntinue to be used with landsat 2 to provide r«al time 
data fbr operational purpoaes. It's likely tltat, as more experience Is gained with the COES systen; 
seme ^'f tlie Landsat sites will be converted to OCES r>peratlon. HiIs will apply particularly to 
those sites used for flood forecasting as It's possible to obtain data more frequently using QGES. 

Ttie Canada Centre for Remote Sensing has completed a study of the reception of Landsat and 
OQES data collection system data at tlie Prince All'ert Jlatelllte Station. Implementation of the 
system Is particularly attractive fbr the Land;iat data as this would enalde data to l>e received on 
more orbits of the satellite as I'rlnce Albert Is much closer to tlie tran.vnlttlng nCPs. 

One Ciinadlan manufacturer Is now making a small ni»nl>er of OOES DCPe under cfintmct to Elwlron- 
ment Canadr. No lai*ge purcliaaes of additional DCPr. are planned at present, however, quantity 
P'iTchases will lie made after the decl.ilons with respect to the Canadian UHF system are known. 


5. aiNCLUSIONS 

Satellites that carry data oollectlai systemr such as Iondr>at and GOES have been used to relay 
water resoui'ces data from remote area:- In Canada with good success. The data l'.ave lieen used for 
flow fbreca.st ing, flood forecasting and for liydrometrlc operations. Tlie systems have proved to be 
reliable aid cost effective. 

Future activities Include continuation of existing pnofijrams with possible direct reception of 
data In Canada and mure input frim Canadian nanufacturers. Expansion of networks In Canada likely 
will not take place until decisions are made with respect to r.atelllte.^. 
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FIGURE 2 

DATA COLLECTION PLATFORMS IN THE MACKENZIE RIVER BASIN 
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